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Abstract 
Tookad® (Pd-Bpheid) as bacteriochlorophylls derivative is third generation of photosensitizer having great 
promises and efficacy for some cancers treatment. The understanding of the photosensitizer stability in vitro is 
important and fundamental studies before photodynamic therapy (PDT) pre-clinical treatment, especially their 
responses to aggregation, acidification, and irradiation. Tookad® stability testing was performed by spectroscopic 
methods using Varian Cary 50 UV-Vis and Light-Volpi Intralux 1200. The result shows that Tookad® aggregated by 
water titration and degradation is due to the acidification and day-light irradiation. The day-light irradiation caused 
Tookad® degradation on Soret and Qy band. The degradation product indicates 3-Acetil-chl and Chlorin. 
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Abs  absorbance 
BChl   bacteriochlorophyll 
Pd-Bpheid Palladium-Bacteriopheoforbide (Tookad®) 
PDT  photodynamic therapy 
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1. Introduction 
 
In PDT application, there are three main factors considered critical in the PDT method, such as photosensitizer, 
light, and oxygen1–3 . Observing the effectiveness and performance of its functions, the provision of photosensitizer 
in PDT applications is usually done through injection2–5 , which in turn the photosensitizer will accumulate in the 
target tissue for about 3 h to 96 h, according to the type of photosensitizer used6. After the accumulation time is 
stated sufficient, light fired in the tissues that activated by photosensitizer. In the next stage, the photosensitizer is 
excited to a triplet by intersystem crossing species that could potentially transfer energy and reacts with oxygen to 
form singlet oxygen. In this state, the singlet oxygen takes its role to destroy the structure and function of vital 
cancer cells6. 
Basically, BChl  is readily degradable into derivatives due to internal factors such as the chemical properties of 
the pigment, enzyme activity, as well as some external factors, such as light intensity, water, acid, oxygen, 
temperature, and humidity or a combination of these factors7. The fact in the application, BChl is often found in an 
aggregated state. The aggregation in vitro can be influenced by the solvent8,9. BChl aggregation caused the 
effectiveness to descend in PDT application process3,10.  
Likewise, BChl molecules can be degraded form of the metal core loss due to the macrocyclic ring in acidic 
environmental conditions. Metal core release process is referred to as feofitinazation11. In addition, the degradation 
of BChl molecules can also be caused by irradiation. Phenomenon of irradiation caused the BChl degradation and 
the formation of degradation products to be known as photodegradation/photobleaching. The changes due to 
photodegradation may include: breaking a bond, color changes, and the rearrangement of the atoms in a molecule12. 
Tookad® is the third generation of BChl derivative sensitizer used in PDT applications13. Tookad® in the 
chemical structure is the Magnesium as the core BChl which was replaced with Palladium and has removed its 
phytol group, also known by the name of Palladium bacteriopheoforbide (Pd-BPheid) or WST 09. Currently, PDT 
applications using Tookad® is still in phase II clinical trials. The clinical trial was conducted on the treatment of 
prostate cancer12,14. The results of the study reported that Tookad®  was able to absorb strongly in the near infrared 
region and efficient in regenerating oxygen singlet when irradiated and it showed a high level of photostability10. 
The molecular structure of  Tookad® is shown in Figure 1. 
 
 
  
Fig. 1. Molecule structure of tookad® 
 
Understanding of the molecular stability in vitro is an important step to study as a fundamental stage in PDT 
application. Moreover, in its application, the ability and effectiveness of the photosensitizer showed different 
responses. Limited information about the molecular character studies in vitro of Tookad® in a solvent, the 
aggregation effect, acidification, and its interaction with light, make research of the stability of this molecule an 
interesting study to do. With this understanding, the aim of this research is to examine the effect of aggregation, 
acidification, and polychromatic light irradiation on the stability of the Tookad® molecule. 
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2. Materials and methods 
 
2.1. Materials and equipment  
 
The materials used were Tookad®, acetone 100 %, methanol 100 %, lactic acid, sulphuric acid, and distilled 
water. Tookad®  was obtained from the Laboratory of the Ludwig-Maximillian University Pigments, Munich, 
Germany; while acetone, methanol, lactic acid, and sulphuric acid were obtained from Merck®. The tool used was a 
double beam spectrophotometer Varian Cary 50 UV-Vis embedded with volpi lights Intralux 1200. 
 
2.2. Sample preparation  
 
Tookad®  was dissolved in acetone and methanol, then homogenized for r 1 min by adding nitrogen gas. The 
addition of nitrogen gas was intended to avoid contact between Tookad® and oxygen. Furthermore, the Qy 
absorbance maximum setting was | 1 at a wavelength (λ) 300 nm to 1 100 nm. Then, the sample was ready to be 
used for testing aggregation, acidification, and irradiation of Tookad® molecules. 
 
2.3. Tookad® agregation  
 
Tookad® aggregation was tested by titration of distilled water into the sample which had been prepared with a 
ratio of acetone/methanol: distilled water: 3.0 : 0.0; 2.0 : 1.0; 1.0 : 2.0; and 0.0 : 3.0.  
 
2.4. Aggregates-acidification of Tookad® 
 
After the Tookad® aggregation conducted, testing aggregates-acidification of the Tookad® molecules done at 
each concentration series by adding sulphuric acid and lactic acid separately. The entire sample was measured by 
using a dual beam spectrophotometer Varian Cary 50 UV-Vis at λ 300 nm to 1 100 nm. 
 
2.5. Tookad® degradation through irradiation  
 
Testing of the molecular degradation of Tookad® by irradiation was performed after Tookad® had been dissolved 
in acetone and methanol, aggregated with distilled water, and aggregated and added with lactic acid or sulphuric 
acid concentration in each series. Irradiation was done by using a polychromatic light with intensity 870 lux  (lux = 
1 lm · m2)  at room temperature12. During irradiation, cuvette was closed and stirred. 
 
2.6. Data analysis  
 
Analysis of the data includes profile changes of the spectral pattern, difference spectra, and profile changes of the 
absorbance value toward time interval due to irradiation. Difference spectra is a profile showing the changing 
patterns of the spectra after treatment of early spectra. The data were processed using the Origin 6.1. Program and 
interpreted descriptively. 
 
3. Results and discussion  
 
3.1. Tookad® solubility in acetone and methanol as well as its response to irradiation 
 
Tookad® has molecule characters as other bacteriochorophyll derivatives. Tookad® is a molecule that is sensitive 
to environmental factors such as solvents, pH changes, light, oxygen, and temperature changes. In solvent, Tookad® 
has different responses depending on the type of solvent. Tabel 1 shows the Tookad® solubility in acetone and 
methanol. The different of peak absorption on the third band shows that Tookad® has different interactions in the 
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solvent. According to Koyama et al.8, Misono et al.9, Limantara et al.15, and Vladkova et al.16, BChl indicates 
coordination of penta coordinate in acetone and coordination of hexa coordinate in methanol. Coordination types 
BChl in acetone and methanol is determined by the value of the parameter taft. Parameter taft indicates the strength 
of the electron donor at a certain level. Solvents which have parameter taft values (β) < 0.5 will form the penta 
coordination, while solvent which has the parameter taft value (β) > 0.5 will form the hexa coordination8. Thus, 
acetone which has a parameter taft ~0.48 form the penta coordination while methanol has parameter taft ~0.62 form 
hexa coordination with BChl molecules. Nishizawa et al.17 and Limantara et al.18 also stated that the coordination 
between the solvent with BChl molecules will affect the bonding of both atoms in its molecular structure. Acetone 
forming penta coordination with the core of Magnesium ions causes the molecular structure of BChl to shrink 
because the bond is only coming from one side of the molecule, while the methanol which forms hexa coordination 
with the core of Magnesium ions causes BChl structural relaxation because the bond is derived from the two sides of 
the molecule. The coordination between molecules with solvent represented in absorption peak of the Qx band can 
affect the stability of the Tookad® molecule. 
Table 1.   Absorption peak of Tookad® in acetone and methanol 
acetone methanol 
λ (nm) Abs (A.U) λ (nm) Abs (A.U) 
755.04 (Qy) 1.019 755.02 (Qy) 1.011 
530.02 (Qx) 0.226 535.00 (Qx) 0.208 
385.06 (Soret) 0.480 384.94 (Soret) 0.439 
    330.05 (Soret) 0.644 
 
 
Fig. 2.  The pattern of spectra changes (A1, B1) and different spectra (A2, B2) of Tookad® against irradiation in acetone (A) and methanol (B) 
and its degradation products (P1 and P2) from 0 min to 120 min with time interval of every 20 min.  
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Figure 2 shows that irradiation resulted in the degradation of Tookad® molecule. Degradation is expressed by a 
decrease in absorbance peak at Qx band in acetone and significantly in the Qy band, both in acetone and methanol. 
Along with the decrease in absorbance at peak of the Qy band, the effects of irradiation also resulted in Tookad® 
being degraded by light (photobleaching) with the formation of degradation products at wavelength of ~649.99 nm 
and ~425.08 nm in acetone and ~654.95 nm, ~409.98 nm, and ~345.10 nm to ~349.99 nm in methanol.  
A study of the effects of irradiation on some kind of BChl has been done. Limantara et al.10 also proved the 
photobleaching BChl monomer in methanol and acetone. Furthermore, she reported that photobleaching BChl 
monomer in methanol is faster than acetone. Thus, this statement supports the results of research into the effects of 
irradiation on this Tookad® molecule. Through Figure 2 it seems clear that Tookad® degraded faster in methanol 
than acetone. Profile decrease of the absorption peak in methanol also occurs in BChl degradation studies which 
were conducted by Limantara et al.19 and chlorophyll by Watanabe et al.19, Jeffrey et al.20,, Fiedor et al.21. They 
reported that BChl and chlorophyll dissolved in methanol has a value of the oxidation potential lower than the 
BChl/chlorophyll dissolved in acetone, so the greater degradation in methanol. 
 
 
3.2.   Tookad® aggregation in acetone and methanol as well as its aggregate response to irradiation 
 
The fact in the application is that BChl is often found in the aggregated state. The aggregation can be affected by 
the solvents, one of which is water. Tookad® are amphiphilic molecules that are hydrophilic on the head, while the 
tail is phytil group which is hydrophobic so that these molecules do not dissolve in water. According to Katz et al.2, 
the basic principle of the BChl aggregation is based on molecules properties that can serve as donors and acceptors 
electron. In the process of energy transfer, porphyrin aggregation and BChl in solution affect the structure of its 
macrocycle electronic23,24. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.  Tookad® aggregates in acetone (A) and methanol (B) in the ratio of acetone/methanol: distilled water: 
                                          3.0 : 0.0  (           ); 2.0 :1.0 (        ); 1.0 : 2.0 ( . . . .); 0.0 : 3.0 (             ) 
 
Water is a very unique nucleophile for BChl because not only can it serve as electron donors, but it also produces 
hydrogen bonding23. Figure 3 shows that the addition of water lowers the absorbance of Qy1 and Qy1 also 
experienced peak shift towards bathochromic. This Qy1 shift formed a new absorption band which is stated by Qy2. 
The presence of water forming Qy2 proves that Tookad® experienced aggregation. Qy2 asymmetric absorption as 
indicated by the peak shift to the infrared region ~894.980 nm in acetone and ~895.029 nm in methanol indicates the 
competition between water molecules and the acetone/methanol to coordinate with Tookad®. Furthermore, the 
formation of Qy2 aggregate was also demonstrated through the Soret band shift towards hypsochromic in acetone 
and methanol. Leenawaty stated that the presence of polar solvents can interact with BChl molecules, such as 
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hydrogen bonding with Magnesium atoms on one or two sides of the axial coordination15. Katz and Gottstein et al. 
have studied the aggregation of chlorophyll molecules23,25. They reported that the aggregation of the chlorophyll is 
influenced by the interaction of the electron donor in peripheral carbonyl group at C-13 (ring V) and electron 
acceptor at the centre of magnesium atoms between molecules with solvent. These interactions can occur directly or 
if there is a presence of multifunctional ligands, such as water. This aggregation also occurs as a result of interaction 
between phytil-phytil as well as the interaction between tetrapyrrole -π system26,27. In this study, Qy2 shift proves 
that when there are hydrogen bonds in water there is interaction between the electron donor in carbonyl of group 
peripheral and electron acceptor on Palladium as the central atom to form Tookad® aggregates. Figure 3 shows that 
the spectra pattern has three main absorption bands, namely Qy, Qx, and Soret band which on excited transition in 
the first (S0  Æ S1) and second singlet state (S0  Æ S2)15,23. 
 
Table 2.  Comparison of the absorption peak shifts in Qy due to aggregation in acetone and methanol 
ratio acetone methanol 
acetone/methanol: 
distilled water 
Qy start 
(nm) 
Qy end 
(nm) ΔQy (nm) 
Qy start 
(nm) 
Qy end 
(nm) 
ΔQy 
(nm) 
2.0 : 1.0 760.00 894.980 134.978 755.07 895.029 139.963 
1.0 : 2.0 760.00 894.980 134.978 755.07 889.967 134.901 
 
Bathochromic shift in the ratio of acetone/methanol : distilled water; 1.0 : 2.0 has a different response between 
Tookad® were aggregated with distilled water in acetone and methanol (Figure 3A, Figure 3B and Table 2). Figure 3 
and Table 2 show the axial coordination bond of Tookad® lower in methanol than acetone. The position of 
coordination penta in acetone and hexa coordination in methanol at the monomers form change into penta/hexa 
dimer coordination in the presence of water molecules. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.  The pattern of spectra changes (A1, B1) and different spectra (A2, B2) of Tookad® aggregates against irradiation in acetone (A) and 
methanol (B) and its degradation products (P1 and P2) from 0 min to 60 min with time interval of every 10 min 
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The effect of irradiation on the Tookad® aggregates (methanol/acetone : distilled water; 2.0 : 1.0) is shown in 
Figure 4. Figure 4 shows the irradiation treatment resulting in Tookad® having photobleaching. In acetone, the 
decrease in the absorption peak is significant at Qy1, Qy2, Qx, and Soret followed by the appearance of the 
absorption band of degradation products (P1 and P2). These results differ in the methanol solvent that only 
decreased the peak absorbance at Qy, Qx, and Soret. This fact can be seen by comparing Qy2 in Figure 4 between 
acetone (A) and methanol (B). Tookad® aggregates (Qy2) are significantly more susceptible to irradiation than Qy1. 
Research conducted by Leenawaty reported that irradiation has a correlation to the ligands position of BChl 
molecule10. 
 
3.3. Tookad® aggregates-acidification responses to irradiation in acetone and methanol  
 
3.3.1. Tookad® aggregates-lactic acid responses to irradiation 
 
Irradiation treatment for the Tookad® aggregates with the addition of lactic acid is shown in Figure 5. Before 
irradiation treatment, the addition of lactic acid in the Tookad® aggregates shows that Tookad® degraded. This 
degradation also looked after Tookad® having been irradiated using polychromatic light. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.  The pattern of spectra changes (A1, B1) and different spectra (A2, B2) Tookad® aggregates-lactic acid against irradiation in acetone (A) 
and methanol (B) and its degradation products (P1 and P2) from 0 min to 60 min with time interval of every 10 min 
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In acetone, irradiation resulted in degradation at Qy1, Qy2, Soret and formed the degradation products P1 at 
~429.96 nm and P2 at ~655.02 nm, whereas in methanol, Tookad® was only degraded in the Soret and Qy2 (Figure 
5). As irradiation treatment in Tookad® aggregates in methanol (Figure 5B), the overall band Qy1 form aggregates 
Qy2 which was noticeably degraded faster than Tookad® that its Qy1 aggregated partially in acetone. These results 
prove that the axial ligand bonding, hexa coordination, and dimerization Tookad® aggregates-lactic acid in methanol 
degraded faster than with acetone. The increase in absorption peak at about ~429.96nm and ~655.29 nm in acetone 
(Figure 5A) is also an indication that oxidation occurs on the second ring of bacteriochlorin structure and produces 
structures of 3-Acetyl-chl and chlorine10. 
 
3.3.2. Tookad® aggregates-sulphuric acid responses to irradiation  
 
Irradiation of the Tookad® aggregates-sulfuric acid in acetone resulted in the decrease of peak absorbance at Qy1 
and Qy2 band and the formation of degradation products:  P1, P2, and also P3 at wavelength ~654.98 nm (Figure 6). 
In methanol, irradiation treatment of Tookad® aggregates-sulphuric acid only degrades the Qy and Soret band, as 
happened in the Tookad® aggregates-lactic acid in methanol.  
 
 
 
Fig. 6.   The pattern of spectra changes (A1, B1) and different spectra (A2, B2) Tookad® aggregates-sulphuric acid against irradiation in acetone 
(A) and methanol (B) and its degradation products (P1, P2, and P3) with time interval of every 2.5 min at 0 min to 10 min and  time 
interval of every 10 min at 10 min to 60 min 
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Looking at Figure 6, the differences of spectra pattern between addition of sulphuric acid and lactic acid seem to 
be influenced by the type of functional groups contained in each of these acids. A study on the addition of 
hydrochloric acid (HCl) reported that the group-Cl is auxochrome meaning that saturated group can change the 
maximum absorption intensity when bound to the chromophore. Baucher dan Katz refer to the mechanism as Metalo 
complex formation28 At the time Tookad®starts being irradiated, pigment degradation begins with the open ring on 
tetrapyrrole group to form a linear tetrapyrrole oxidized. In the photodegradation process, the presence of oxygen 
can produce singlet oxygen and hydroxyl radicals which in turn react with tetrapyrrole to form peroxides and free 
radicals more. Peroxides and free radicals that arise trigger a macrocyclic damage and loss of color. 
The absorbance decrease in Figure 6 shows the degradation of Tookad® molecules that followed the appearance 
of isosbestic points as an indication forming degradation products at each irradiation time interval. Figure 6 also 
shows that the Qy band degrades more than the Soret band. Degradation ratio between the Soret and Qy bands of 
Tookad® increased following the length of time of irradiation. Wavelength shift does not occur in the spectra during 
the irradiation time. This indicates that Tookad® is quite stable and did not undergo isomerization from trans to cis 
like in most carotenoid degradation mechanisms. The conditions of increasing the absorption peak on Figure 6 
indicate degradation product, including 3-Acetyl-chl, chlorine, and its epimer. In addition, degradation process can 
form other products; other products such as bilin (tetrapyrrole with open ring) are experiencing a shift toward blue 
region10.  
 
4. Conclusion 
 
The results showed that Tookad® aggregated with the addition of water and degraded by the addition of acid and 
polychromatic light irradiation. The presence of water at a ratio of acetone/methanol: distilled water: 1.0 : 2.0 and 
2.0 : 1.0 resulted in Tookad® having aggregated that is expressed through bathochromic shift of the Qy band and 
shifts of the Soret band. Similarly, the addition of the weak and strong acid resulted in Tookad® having degraded 
that is expressed by changing the position of Soret, Qx, and Qy band. Polychromatic light irradiation resulted in 
Tookad® having degraded the Soret band and the significant degradation of the Qy band is accompanied by the 
formation of degradation products as P1, P2, and P3 (Tookad® aggregates-sulphuric acid in the solvent acetone). 
This degradation product is indicated as 3-Acetyl-Chl at P1, chlorine in P2, and P3 as epimer Tookad® molecules. 
Degradation products P1, P2, and P3 need to be tested further through analysis and identification using High 
Performance Liquid Chromatography-3 Dimensional and Liquid Chromatography Mass Spectroscopy. 
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